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(54) Antibodies to interferon 

(57) A monoclonal antibody to IFN which inhibits the cell-binding capability of the IFN or which inhibits the 
cytotoxicity-boosting activity of the IFN mediated by NK cells can be obtained by raising anti-IFN 
monoclonal antibodies by techniques known per se and screening them for the desired inhibitory activity, 
then culturing the cell line which produces the selected monoclonal antibody. 
The IFN may be IFNa or especially, recombinant IFNa-2. 
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SPECIFICATION 
Antibodies to Interferon 

5 This invention relates to the identification of antibodies to interferon, especially those exhibiting 5 
pronounced inhibition of the antiviral and/or cytotoxicity-boosting activity by means of an identifi- 
cation of the binding site(s). 
The following abbreviations are used herein:- 

10 BSA -Bovin seroalbumin 10 

MAb -Monoclonal antibody (ies) 

IFN -Interferon 

Kd -Kilodalton 

SDS -Sodium lauryl sulphate 
15 PAGE -Polyacrylamide gel electrophoresis 15 

PBS -Phosphate buffer saline pH 7.2 

NK -Natural killer. 

Human alpha interferons are a family of closely related proteins containing both conserved and 

20 non-conserved regions In their primary sequences (1-3). The aminoacid sequences of many IFN 20 
subtypes have been deduced from the nucleotide sequences of the corresponding genes (4-5). 
Several recombinant and hybrid IFN's genes have been cloned, expressed in bacteria, their 
encoded products purified to homogeneity, and characterized (5—9). 
Recombinant IFN molecules, similarly to the natural species, exhibit biological functions such as 

25 the antiviral and antiproliferative activities (5,8,10). IFNs also display several immunomodulating 25 
activities as the ability to augment the activity of NK cells (1 1-12). The study of the biological 
effects mediated by different recombinant and hybrid IFN molecules has allowed the identification 
of a IFN subtype displaying strong antiviral and antiproliferative activities but lacking the ability to 
boost the NK cytotoxicity 13. This might suggest the existence of distinct functional domains on 

30 IFN responsible for its different biological activities. 30 
Structure-function relation studies on the IFN«-2 molecule have been reported by several 
groups using different approaches. Chemical and enzymatic modifications of the molecular have 
been used to examine the role of certain aminoacid residues and the disuiphide bridges on the 
biological function of IFN (14-16). On the other hand, the function of predetermined IFN variant 

35 molecules lacking segments of their primary sequences constructed by recombinant DNA techno- 35 
logy has also been studied (9,17). 

An alternative approach, that is being used to monitor functional sites of biologically active 
molecules, is the immunochemical mapping by monoclonal antibodies. Several groups have 
reported the generation of hybridomas secreting monoclonal antibodies specific for IFNa-2 

40 (18-23), They have been primarily used as reagents for the purification and assay of interferons 40 
(24-26), 1n recent studies, the anti-IFN MAb with neutralizing and non-neutralizing capabilities 
have been used as tools to investigate structure-function relationships (22-23). In one of these 
studies, the use of a panel of MAb in eombination with IFN peptides have allowed the mapping, 
at the primary structure level, of antigenic determinants related to the IFN antiviral activity (23). 

45 We have now found that there are at least three different binding sites or epitopes and that 45 
by selection of MAbs with certain bnding characteristics enables highly active MAbs to be 
identified. 

According to the present invention we provide a monoclonal antibody to IFN which inhibits the 
cell-binding capability of the IFN or which inhibits the cytotoxicity-boosting activity of the IFN 
50 mediated by NK cells. 50 

There is also provided a method for preparing such antibodies by raising anti-IFN monoclonal 
antibodies by techniques known per se and screening them for the desired inhibitory activity, 
then culturing the cell line which produces the selected monoclonal antibody. 

Twenty different monoclonal antibodies directed to rlFNa-2 have been obtained by immuno- 
55 binding techniques and used to define distinct epitopes on the IFN molecule. The functional 55 
relation of these epitopes has been studied by three different biological functions, namely, the 
antiviral activity, the boosting of NK-mediated cytotoxicity and the IFN binding to its cellular 
receptor. 

The following description provides an Example of the method according to the present inven- 
60 tion. 60 

MATERIALS AND METHODS 
Interferon 

The IFNa-2 was purified by immunoaffinity chromatography on an anti-lFNa-2 NK-2 MAb-Se- 
65 pharose (Celltech, UK) column from lysates of Escherichia cofi which expresses the human . 65 
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IFNa-2 gene contained in an inserted plasmid (Antibioticos S.A., Madrid, Spain), 

SDS-PAGE analysis of purified IFN preparation revealed the presence of a major 20 Kd band 
(>90% of total protein), corresponding to the IFN molecule. This preparation was utilized for 
immunization and screening of monoclonal antibodies. 
5 5 
Immunization and hybridoma production 

Balb/c female mice (Iffa Credo, Lyon, France) were injected intraperitoneal^ with 10 peg of 
purified rlFNa-2 in complete Freund's adjuvant on day -28, and with 25 pig in incomplete 
Freund's adjuvant on day — 18. On day -3, mice were boosted intravenously with 25 pig of 

10 IFNa-2 in 200 /d of phosphate buffer saline (PBS). On day 0, P3x63Ag.8.6.5.3 and SP2 mouse 10 
myeloma ceils were fused with spleen cells from the immunized mice, using 50% (w/w) poly- 
ethyleneglycol as described (27). Three different fusions were performed (CYS1, CYS2 and 
CYS3). Cells were aliquoted into ten 96-well plates (Costar, Cambridge MA) and grown in 
selective HAT medium as previously described (27,28). 

15 After two weeks, culture supernatants from wells displaying hybridoma growth were harvested 15 
and screened for specific binding to rlFNa-2. A number of 960 different hybridoma cultures 
were screened for their abilities to secrete antibodies directed to IFN in an indirect binding assay 
using 125 l-labeled IFNa-2. Those hybridomas found positive were cloned in soft agar. Selection 
of active clones was carried out using the indirect binding assay. 

20 Immunoglobulin subclass of the anti-IFN CYS MAb was determined by double immunodiffusion 20 
with anti-mouse subclass specific antibodies (Nordic Lab., Netherlands). Purification of anti-IFN 
CYS MAb from mouse ascites fluids was carried out by immunoabsorption on a column of As. 
aureus-protein A coupled to Sepharose as described (29). : 

25 Radiolabeling, immunoprecipitation and electrophoresis 25 
Purified rat anti-mouse Kappa chain 187-1 MAb (20 pig) and rlFNa-2 (10 ^g) were radioiodi- 
nated in solution with chlorogiycoluril (30). For immunoprecipitation, equal amounts of input 
radioactivity of 125 l-labelled purified rlFN<x-2 were mixed with 75 (i\ of MAb-containing culture 
supernantanfs. 

30 To isolate immune complexes, 30 #1 of purified 1 87. 1 rat anti-mouse Kappa chain MAb 30 
coupled to Sepharose (1mg/ml) were added. Immunoprecipitates were processed and the 
samples subjected to SDS~15% PAGE and autoradiography with enhancing screens as previously 
described (31). 

35 Indirect binding assays Initial screening of anti-|FN producing hybridomas used softwell polyvi- 35 
nylchloride 96 microtiter plates (MlC-2000 Dynatech Lab. Inc.) coated with 50/zl of purified 
187.1 rat anti-mouse Kappa chain MAb (10^g/ml) (32) for 1h at 37°C Plates were washed 
twice with 1%BSA in PBS. Next, hybridoma culture supernatants (50/d/ well) were added for 45 
min. Then, the plates were washed three times with 0.25% BSA in PBS. In the second step, 

40 125 l-labeled rlFNa-2 (100.000 cpm/ well) was added and incubated for 45 min. Plates were 40 
washed three times with 0.25% BSA in PBS, dried and the radioactivity estimated in a gamma 
counter. All assays were performed in duplicate. 

A modified indirect binding assay was also used for anti-IFN CYS MAb.Soft-well plates were 
coated with purified human rlFNa-2 and incubated with CYS MAb for 45 min at room tempera- 

45 ture followed by a second incubation with the 125 l-labeled 187.1 anti-mouse Kappa chain MAb 45 
(50.000 cpm/well). 

Competitive binding assays 
A simple method devised for analyses of epitopes defined by CYS W^Ab on the IFN molecule 

50 is briefly described. Hybridoma culture supernatants (50/il/well) containing anti-IFN CYS MAb 50 
were added to soft- well poly vinylchloride 96-microtiter plates coated with purified 187.1 anti- 
mouse Kappa chain MAb. Incubation was allowed for 1 h at room temperature, and plates were 
washed three times with 0.25% BSA in PBS. 
Next, 125 l-labeled IFNa-2 samples (80-100.000 cpm/well), which have been previously incu- 

55 bated in a separate plate for 1 h at 4°C with BOpA of culture supernatants containing each of the 55 
different twenty anti-IFN CYS MAb, were added to the anti-IFNa-2 MAb-187.1 coated wells. 
Plates were incubat d for 30 min at room temperature, washed three time with 0.25% BSA in 
PBS, dried, and the radioactivity estimated in a gamma counter. Identical competition experi- 
ments were carried out with different combination of the different anti-IFN CYS MAb. 

60 A modified competition assay was performed to investigate the relationship between epitopes 60 
defined by anti-IFN CYS MAb and the one recognized by the commercially available anti-IFNa-2 
NK-2 MAb. In this assay, ,25 Mabeled IFN samples were incubated with 50 fi\ of culture superna- 
tants of the twenty different CYS MAb for 1 h at 4 P C. in separate Eppendorf tubes. Then, 20 pA 
of a 1:1 slurry containing 10 fi\ of NK-2 MAb Sepharose or 10 pA of IgG-Sepharose from an 

65 irrelevant mouse MAb were added to each tubs and shaked for 1 h at 4°C. Samples were 65 
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washed five times with 0.25% BSA in PBS and the radioactivity bound to the beads estimated. 
Cell binding assays 

The 125 l-labeled IFN preparation used for binding to human cells was previously purified by 
5 absorption to a microcolumn of anti-IFN CYS 3/22 MAb coupled to Sepharose (300 #1) followed 5 
by low pH elution with 0.1M glycine pH 2.5; and neutralization with 1M Tris-HCI pH8.0. 
Competition cell binding assays were performed by incubation of 125 Mabeled IFN with anti-CYS 
MAb for 1 h at 4°C. Then, the IFN samples were added to microtiter plates containing 10 of 
a cell suspension of 2.5 x 10 7 cells/mi of the U-937 human myelomonocytic line, and shaken for 
10 45 min at 4°C. Cells were washed three times with 0.25% BSA in PBS, pellets were removed 10 
with two washes of 0.25% BSA in PBS and radioactivity estimated in a gamma counter. All 
assays were performed in duplicate. 

Functional assays 

15 The antiviral activity of IFN was tested basically as described (33). Hela cells were grown in 15 
96 wells microtiter plates in DME/10% FCS until they reached confluency. Then, the cells were 
washed and incubated with known amounts of IFN in the presence of anti-IFN MAb for 16 hr at 
37°C, After this incubation, the cells were washed and vesicular stomatitis virus (VSV) (0.01 
pfu/cell) was added in DME/2% FCS. After 24 hr of incubation at 37°C, the protection by IFN of 

20 the cytopathic effect caused by VSV was evaluated using a hexosaminidase assay (34). Briefly, 20 
the cells were washed 3 times with PBS before 60 p\ of a substrate solution (p-nitrophenyl-N- 
acetyl-D-glucosamidine) of the lysosomal hexosaminidase was added to each well an incubated 
for 1 h at 37°C. The reaction was stopped by adding 90 fx\ of Tris-glycine buffer pH 10.2 
containing 5 mM EDTA and the absorbance at 405 nm was measured. 

25 In the NK-mediated cytotoxic assays, human mononuclear cells isolated from the venous blood 25 
of normal volunteers by Ficoll-lsopaque gradient centrifugation were used as effector cells. To 
test the effect of the different MAb in the IFN boosting of the NK activity, 1-2x 10 3 Unite of 
IFN in 0.1 ml were incubated either alone or in the presence of different MAb for 30 min. Then, 
effector cells were added and two hours later the cells were washed twice. Control effector cells 

30 incubated with medium alone or irrelevant MAb were also included. 30 
The effector cells were tested for cytotoxic activity at 25:1 effector to target cells ratio 
against 5x 10 35t Cr-labeled K-562 target cells during 3 hr as previously described (35). 

The inhibition of the interferon boosting of the NK activity by different MAb was calculated 
according to the formula: 

35 35 

Cytotoxicity with IFN-Cytotoxicity with IFN and MAb 

% of Inhibition = 1 00 x : 

Cytotoxicity with IFN-Cytotoxicity without IFN 

RESULTS 40 
Production and specificity of anti-IFN CYS MAb 

To generate monoclonal antibodies to human IFNa-2, mice were immunized with a highly 
purified preparation of recombinant IFNa-2. Hybrids were selected by their ability to secrete 
antibodies that bind 125 Mabeled purified IFNa-2 in a solid-phase radioimmunoassay, and the 
positive wells were also tested by an inverse ratioimmunoassay. 45 

Twenty different hybridoma lines secreting antibodies were found positive in both assays and 
then cloned (Table I). The different CYS MAb gave similar levels of binding of 125 l-labeled IFNa-2 
with the exception of CYS 3/4 that showed lower binding. In the inverse radio-immunoassay, 
MAb CYS 3/4 and CYS 3/12 gave higher binding than other CYS MAb. 

The specificity of CYS MAb for the IFN molecule was confirmed by immunoprecipitation 50 
analysis from 125 l-labeled IFN preparations. All the MAb previously selected specifically precipi- 
tated a 20 Kd molecule with identical electrophoretic mobility as the one recognized by the 
control anti-IFNa-2 NK-2 MAb. The intensity of the band precipitated by the CYS 3/4 MAb 
was weaker than the obtained with the other anti-IFN CYS MAb. 

55 

Epitopes on the rlFNa-2 defined by CYS MAb 

The epitopes defined by CYS MAb were studied by cross-competition binding experiments. 
First, we determined the relative position of the antigenic determinants recognized by CYS MAb 
respect the one defined by the anti-IFN NK-2 MAb (Table II). Six different CYS MAb (CYS 1/3, 
CYS 1/4, CYS 1/5, CYS 3/8, CYS 3/12 and CYS 3/14) strongly inhibited the the binding of 60 
125 l-labelled IFN to NK-2 MAb coupled to Sepharose, suggesting that they recognize an identical - 
or overlapping epitope as the one defined by NK-2 MAb, hereafter designated as site A. 
Furthermore, binding of labeled IFN to these anti-NK-2-like CYS MAb, was completely com- 
peted by each other (data not shown). The CYS 1/3 MAb was included as representative of the 
group of CYS MAb directed to the site A of IFN. 65 
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Cross-competition experiments in the binding of 125 Mabeled IFN with other anti-IFN MAb 
recognizing epitope (s) distinct to the site A, are summarized in Table III. 

Two distinct additional epitopes were defined by different CYS MAb. A group of seven MAb 
(CYS 3/2, CYS 3/7, CYS 3/18, CYS 3/21, CYS 3/22, CYS 4/4 and CYS 4/7) recognized 
5 identical or overlapping epitopes, designated as site B, Moreover, site C was defined by only 5 
one MAb, CYS 3/19. The MAb most representative of the epitopes A, B and C (CYS 1/3, CYS 
3/22 and CYS 3/19, respectively) did not significantly interfere with each others' binding. Similar 
results were obtained by competitive binding using radiolabeled anti-IFN MAb. In addition, partial 
overlapping sites were also defined by several MAb. 1) The MAb CYS 3/15, that partially 
10 competed the binding of MAb representative for sites A and B, and completely abolished 10 
binding of the MAb specific for site C. 2) MAb CYS 3/10, CYS 3/17, CYS 3/20 and CYS 4.5, 
that partially competed the binding of MAb for sites B and C. 

Results obtained in the competition experiments with the CYS 3/4 MAb were not included in 
Table 111 because of its weak binding to soluble radiolabeled IFN. This MAb did not affect 
15 binding of 126 l-labeled IFN to other CYS MAb (data not shown). These results, together with 15 
binding studies suggested that the epitope recognized by this MAb might be dependent of the 
different conformation of the IFN molecule in soluble or solid-phase-coupled states. 

Analysis of the functional sites on IFNo-2 by using CYS MAb 

20 To determine whether the CYS MAb directed to epitopes localized on different regions might 20 
affect differentially the function of the IFN molecule, the antibodies were tested either in the 
antiviral activity, or the boosting of the cytotoxicity mediated by NK cells. 

The neutralization of the antiviral activity was carried put by using increasing doses of IFN and 
a constant amount of the anti-IFN CYS MAb representatives for sites A, B and C. Results 

25 obtained with the twenty different anti-IFN MAb are summarized in Table IV. The group of seven 25 
MAb directed to the site B, with the exception of CYS 3/18, strongly blocked the antiviral 
activity of IFNa-2, with a neutralizing activity between 1.200 and 1.400 Units/mi of IFNa-2. 
Comparative studies with the group of six MAb specific for site A demonstrated a lower 
inhibition of the antiviral activity, neutralizing from 350 to 500 Units/ml of IFN. Conversely, the 

30 MAb defining the site C did not interfere significantly with the antiviral activity of IFN. Those 30 
anti-IFN MAb recognizing overlapping epitopes showed different effects on the antiviral activity, 
probably dependent on their degree of proximity to the antigenic site B. 

The effects of the anti-IFN CYS MAb on the enhancing effect of IFNa-2 on the cell cytotoxi- 
city mediated by NK cells are shown in Table IV. MAb directed to site B abolished the 

35 augmentative effect of IFN on the killing activity, whereas MAb directed to site A exerted very 35 
small inhibitory effects. The MAb directed to site C caused a partial blockade of this IFN 
function. These results were consistently reproduced in four different experiments. 

These results suggest that the epitope B is localized close, or overlapping, to an active 
functional site of IFNtt-2, whereas epitopes A and C appear to play less important functional 

40 roles on the IFN molecule. 40 

Interaction of epitopes A, B and C with the IFN ct-2 cellular receptor 

To examine the possible relationship between the IFNa-2 A, B and C epitopes and the IFN 
interacting site (s) with the cellular receptor, we carried out competition binding experiments using 

45 the human myelomonocytic cell line U-937 which bears high number of receptors for IFN. 45 
The 125 l-labeled IFN preparation used in the ceJI-binding experiments was further purified, after 
iodination by immunoabsorptiori to an anti-IFNa-2 column of CYS 3/22 MAb coupled to Sephar- 
ose, to allow the selection of labeled IFN molecules maintaining intact the functionally important 
site B. This IFN preparation gave comparable binding to immobilized CYS MAb specific for the 

50 three distinct epitopes, demonstrating that, in addition to the site B, it also preserved the sites 50 
A and C (Table V). In addition, the binding of radiolabeled IFN to U-937 cells could be 
completely competed out in a dose-dependent fashion by unlabeled IFN, demonstrating the 
specificity of this interaction (data not shown). The specific binding of 125 l-labeled IFNa-2 was 
completely abolished by preincubation with anti-IFN MAb directed to site B, the one strongly 

55 associated with different functions. The MAb specific for site C partially affected this binding. 55 
Conversely, very little inhibition on the IFN binding was exerted by MAb specific for site A 
(Table VI). 

These results suggested that the antigenic site B maps close to or overlapping with the IFN 
cell membrane receptor. This would explain the strong blockade effect exerted by anti-IFNa-2 B 
60 MAb on different functional activities and the weak inhibitory effect of anti-IFN MAb directed to 60 
site A. 
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Table I.- Binding of CYS MAb to human rIFNoC-2. 



MAb 


Is type 


Binding of 125 I-IFN 


Binding of 125 I-.I87 




5 




*Bound Radioactivity (cpra) 


5 


CYS 1/3 


IflGl 




4593 




CYS 1/4 


IgGl 




2590 


10 


CYS 1/5 




334Q 






rye a/p 
via «3/ c 




9 one 


4361 




^ CYS 3/4 


IgG2a 




• 194©7 


15 


CY^ 3/7 


Tfffil 




Ant a 
4014 




Cyc o/o 


n n 
n # u • 


2355 


2493 


20 


rye 3/1 n 


Tfffil 


3077 


3938 


• 


PYS 3/1? 
Old <14 


ToRl 
xgvix 


J but? 


19101 




25 3/14 


T&fil 


3025 


3206 


25 


PY^ 3/1 S 

wld J/13 




2o70 


3193 




CYS 3/17 

30 


IgGl 




oZol 


30 


CYS 3/1 ft 




£OlO 


/O 


CY^ 3/1 Q 




3757 


2956 




35 CYS 3/20 


IgG2a 


2308 


2956 


35 


CYS 3/21 


IgGl 


2566 


3097 




CYS 3/22 


IgGl 


3858 


4819 




40 






40 


CYS 4/4 


IgGl 


244Q 


2976 




CYS 4/5 


IgGl 


2621 


4659 




45 CYS 4/7 


Igpl 


294p 


5943 


45 


X63 (Negative 


IgGl 


359 


1714 





Control) 

50 a Binding of 1?5 I-labeled I FN or 125 I-labeled anti-mouse kappa chain 167.1 MAb 50 
to the anti-IFN mouse MAb . specifically complexed to purified 187,1 or IFN-coa- 
ted polyvinyl microti ter wells, respectively, was determinedt- in. the indirect 

55 binding assay. Nonspecific binding was determined by using the P3X63 mouse tnye- 55 
loma culture supernatant, that contains standard c ncentration of mouse Yl.k 
chains. 
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Table II.- Competition of the binding of I-IFN to NK2-Sepharose by CYS MAb. 



c 

a 


MAb 


Binding 125 I-IFN (cpm) 


a Inhibition (%) 


c 


CYS 1/3 


569 


95 


5 


10 


CYS 1/4 


783 


86 


10 




CYS 1/5 


773 


86 






CYS 3/2 


3912 


0 




15 


CYS 3/4 


2499 


0 


15 




CYS 3/7 


2651 


0 




20 


CYS 3/8 
CYS 3/10 
CYS 3/12 


1312 
2612 
695 


64 
0 

89 - 


20 


25 


CYS 3/14 


440 


100 


25 




CYS 3/15 


2717 


0 




30 


CYS 3/17 
CYS 3/18 


2836 
3818 


0 
0 


30 




CYS 3/19 


2439 


0 




35 


CYS 3/20 


2437 


0 


35 




CYS 3/21 


2667 


0 






CYS 3/22 


4078 


0 




40 


CYS 4/4 ' 


3832 


0 


40 




CYS 4/5 


3366 


0 




45 


CYS 4/7 


2187 


28 


45 




X63 (Negative 


2435 


0 





Control ) 

a No inhibition and 100* inhibition were determined with mouse 
myeloma P3X63 culture supernatant, and the CYS 3/14 MAb t giving 
strongest competition, respectively. 
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Table 


IV— Inhibition of antiviral and boosted NK activities of rIFNo£-2 by MAb. 










a Antiviral activity 


b IFN boosted NK cytotoxicity 




5 






Neutralisation Inhibition 


Specific release 


Inhibition of the 
boosting effect 


5 




MAb added 


Epitope 


(U/nl) 


(X) 


(%) 


(%) 




10 


X63.- 





0 


o 


60 


0 


10 




CYS 1/3 


A 


400 


31 


56 


15 




15 


CYS 1/4 
CYS 1/5 


A 
A 


400 
400 


28 . 

35.;. 


53 
51 


25 
33 


15 




CYS 3/8 


- A 


500 


41 


55 






20 


CYS 3/ia 


A 


400 


33: 


50 


37 


20 




CYS 3/14 


A 


350 


29 


55 . 


17 




25 


CYS 3/2 


B 


1400 


82' 


i 

38 


85 


25 




CYS 3/7 


B 


1200 


68" 


45 


55 






CYS 3/18 


B 


300 


21 


50 


39 




30 


CYS 3/21 


ta 
D 


1300 


74 


39 


82 


30 




CYS 3/22 


B 


1400 


7a 


37 


89 






PVC A / A 


B 

o 


1200 


73 


42 


70 




35 


CT5 •*// 


B 


1200 


71 


40 


. 75 


35 




CYS 3/19 


C 


50 


10 . 


49 


A1 

41 




40 


CYS 3/10 


RSrC 


500 


44: 


37 


se 


40 




CYS 3/17 


B&C 


350 


26 


50 


40 




45 


CYS 3/20 


B&C 


150 


20 


53 


28 


45 




CYS 4/5 


B&C 


350 


26 


44 


61 




50 


CYS 3/15 


A&B&C 


350 


25 


51 


33 


50 




CYS 3/4 




0 


0 


60 


0 





55 
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Table IV.- 

B The amount of IFN neutralized was calculated from the shift of the 50% protection of the 
monolayer, in presence of equal amounts of the different monoclonal antibodies. The % inhibition 
5 of the activity of 1000 U/ml of IFN is also shown. 5 
b Human peripheral mononuclear (NK) cells (E:T=25:1) were incubated for 2 hous with 
1-2 x 10 3 U of IFNa-2, previously treated with equal amounts of different anti-IFN MAb for 30 
min. Then, 51 Cr-labeled target cells were added and the assay completed. The spontaneous 51 Cr 
release in the absence of NK cells was 1 1%. Specific B1 Cr release determined on effector cells 
10 incubated with P3X63 control antibody in the absences or in the presence of IFN was of 34% 10 
and 60%, respectively. No inhibition and 100% inhibition of the IFN boosting effect is expressed 
relative to cultures treated or non-treated with IFN. Date represente the average of four indepen- 
dent experiments. 

15 Table V.-Binding of CYS MAb to 125 Mabeled IFNa-2 affinity-purified on a column of CYS 3/22- 15 
Sepharose. 

Antigenic determinant MAb Binding of 12S l-IFNa-2 

Radioactivity bound (cpm) 

20 A CYS 1/3 2827 20 

B CYS 3/22 3833 

C CYS 3/19 3087 

X63 259 , 

25 "Binding of 125 MFN {20.000 cpm), further purified after labeling on a column of CYS 3/22 25 
coupled to Sepharose, to the anti-IFN mouse MAb specifically complexed to purified 187.1- 
coated polivinyl microtiter weils, was determined in the indirect binding assay. 

Table Vl-Effect of anti-IFN MAb on the binding of l25 l-labeled rlFNa-2 to the myelomonocytic 
30 human cell line U-937. 30 



35 CYS 1/3 A 1885 35 



MAb 


Epitope 


Binding of l25 l-IFN 






•Radioactivity bound (cpm) 


X63 


Negative Control 


3009 


CYS 1/3 


A 


1885 


CYS 3/12 


A 


2486 


CYS 3/22 


B 


394 


CYS 4/7 


B 


573 


CYS 3/19 


C 


1248 



40 40 
a The amount of radiolabeled rlFNa-2 (input 5 - 30.000 cpm) bound to the U-937 cells was 
determined in the cell binding assay as described under Materials and Methods. The values are 
the average of two independent experiments. 
Different antigenic sites on the human rlFNa-2 and related to the functional domains involved 
45 in its antiviral, immuno-modulating and cellular receptor-binding activities by using a panel of 45 
neutralizing anti-IFN MAb, the MAb described here were initially selected by binding of 125 l- 
labeled IFNa-2 in a solid-phase radioimmunoassay. The specificity of the MAb for IFN has been 
clearly demonstrated by immunoprecipitation of the 20 Kd IFN molecule. The CYS 3/4 MAb 
displayed binding characteristics different from the rest of the MAb. In fact, its reactivity for IFN 
50 coupled to a solid-phase was much higher than for IFN in solution. This MAb also recognized 50 
the IFN molecule blotted onto nitrocellulose paper after SDS-PAGE separation. 

The remaining 19 anti-IFN CYS MAb defined three spatially separated epitopes {A, B and C 
sites) and two partially overlapping antigenic sites on the IFN molecule as demonstrated by 
cross-inhibition binding experiments. Nevertheless, the ability of one MAb to inhibit the binding 
55 of other MAb does not necessarily imply that both MAb are directed to the same epitope on 55 
the IFN molecule. It is likely that MAb which bind to neighboring sites will interfere each others 
binding. The future use of other epitope mapping criteria such as binding to either distinct IFN 
peptides (23) or to different IFN subtypes (22, 24) will probably result in the definition of a 
higher number of antigenic sites. 
60 Sites; A and B, but not site C, appear to be involved on the antiviral activity of IFN. However, 60 
quantitative differences have been distinguished between the neutralizing capabilities of the 
groups of MAb directed to site A and site B. The functional involvement of site A on this 
activity is in agr ement with previous reports describing the neutralizing activity of the NK-2 
MAb (18, 23), since our anti-IFNa-2 A MAb recognize an epitope (s) closely related to that 
65 defined by NK-2. Th epitope recognized by NK-2 is a conformational determinant formed by 65 
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the contribution of the 15 N-terminal amino/acid residues together with the region between 
residues 60 to 11 1 (23). 

The study of the functional involvement of epitopes A, B and C in other IFN-mediated 
biological effect, such as the enhancement of the NK-mediated cytotoxicity by IFN confirms the . 
5 functional differences observed between sites A and B. The inhibition studies of this IFN-medi- 5 
ated activity by the different anti-IFN MAb suggested that the epitope B also appears to be 
implicated in this IFN function, whereas epitope A does not. Surprisingly, site C, which was not 
required in the antiviral activity, seems to be partially involed in this IFN function. These findings 
clearly demonstrate that distinct functional domains participate in the different IFN-mediated 

10 activities. Moreover, they suggest that topographically distinct IFN regions are responsible for its 10 
antiviral and the enhancing of NK activities. These observations are in good agreement with 
conclusions derived from the study of the antiviral and the immunomodulating activities of 
distinct hybrid IFN molecules (13). 
The IFN's interact with IFN-sensitive cells through specific binding to high affinity receptors on 

15 the cell surface (36-37). The receptor molecules have been biochemically identified and charac- 15 
terized by chemical crosslinking using 12S I-labeled IFN as a probe (38-39). The number of 
receptor present on the cell membrane is very low and it varies in different cell types (36). The 
binding of IFN to its receptor is required for biological activity. 
The functional significance of the inhibition exerted by MAb on the biological activity of IFN 

20 could have different explanations. For example, the MAb could hamper the IFN-cellular receptor 20 
binding by either direct steric or by indirect allosteric hindrance. Alternatively, MAb could induce 
conformational changes on IFN affecting its activity. We have demonstrated that MAb specific 
for site B completely inhibit binding of radiolabeled IFN to the human U-937 cell line. These 
findings strongly suggest that epitope B may be localized either whithin or in the proximity of 

25 the IFN-interacting site with the cellular receptor. That would explain the dramatic inhibitory 25 
effect exerted by anti-IFN MAb directed to site B on all different IFN functions tested. By the 
contrary, MAb to site A do not signficantly after binding of IFN to cells Indicating that they 
inhibit the antiviral activity without affecting the IFN-cellular receptor interaction. Previous studies 
have suggested that MAb NK2 may block IFN functions by preventing binding of IFN to suscep- 

30 tible cells (40). However, our anti-IFN MAb specific for site A, which overlaps with the one 30 
recognized by NK-2 MAb, do not significantly inhibit this binding. 

A striking finding is the partial blockade of IFN binding by anti-IFNa-2 C MAb. This MAb does 
not give any inhibition of the antiviral activity of IFN but it partially blocks the IFN enhancing 
effect of NK-mediated cytotoxicity. These results suggest that the site C is not relevant for the 

35 antiviral activity but it is near to other site associated with the immunomodulatory activity of IFN. 35 
According to the invention, therefore, it is possible to identify antibodies to IFN which bind to 
sites other than site A and to select from them antibodies which have potent inhibitory activity 
against the cell-binding capability or the cytotoxicity-boosting activity of the IFN. If it is then 
desired to produce supplies of such an antibody, the parent cell-line can be identified and then 

40 cultured. 40 
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15 15 
CLAIMS 

1 ; A monoclonal antibody to IFN which inhibits the cell-binding capability of the IFN or which 
inhibits the cytotoxicity-boosting activity of the IFN mediated by NK cells. 
2. An antibody according to claim 1 to IFN a. 
20 3. An antibody according to claim 2 to rlFNa-2. 20 

4. A method of preparing an antibody according to any of claims 1 to 3 by raising antMFN 
monoclonal antibodies by techniques known per se and Screening them for the desired inhibitor 
activity, then culturing the cell line which produces the selected monoclonal antibody. 

5. An antibody to IFN obtained by a method according to any of claims 1 to 4. 
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